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A narrow field electromagnetic sensor system and 
method of sensing a characterisitc of an object 
provide the capability to realize a characteristic of an 
object such as density, thickness, or presence, for 
any desired coordinate position on the object. One 
application is imaging. The sensor can also be used 
as an obstruction detector or an electronic trip wire 
with a narrow field without the disadvantages of 
impaired performance when exposed to dirt, snow, 
rain, or sunlight.; The sensor employs a transmitter 
for transmitting a sequence of electromagnetic 
signals in response to a transmit timing signal, a 
receiver for sampling only the initial direct RF path of 
the electromagnetic signal while excluding all other 
electromagnetic signals in response to a receive 
timing signal, and a signal processor for processing 
the sampled direct RF path electromagnetic signal 
and providing an indication of the characteristic of 
an object. Usually, the electromagnetic signal is a 
short RF burst and the obstruction must provide a 
substantially complete eclipse of the direct RF path. 
By employing time-of-flight techniques, a timing 
circuit controls the receiver to sample only the initial 
direct RF path of the electromagnetic signal while 
not sampling indirect path electromagnetic signals.; 
The sensor system also incorporates circuitry for 
ultra-wideband spread spectrum operation that 
reduces interference to and from other RF services 
while allowing co-location of multiple electronic 
sensors without the need for frequency 
assignments. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to electronic sen- 
sors, and more particularly to sensors utilizing ultra- 
wideband transmitters and receivers in narrow field ap- 
plications. 

Description of Related Art 

[0002] One type of narrow field sensor can be referred 
to as a "trip wire." A mechanical "trip wire" detects mo- 
tion in or through a narrow field when pressure is applied 
to a trip wire placed across a path in the narrow field. 
Non-mechanical "trip wires," such as those formed with 
electromagnetic radiation or ultrasound, also exist. La- 
ser, infrared, and ultrasound "trip wires" detect motion 
in or through a narrow field by sensing a disruption in 
the narrow field across a path. Some examples of "trip 
wire" applications include using it for game trapping, 
conveyor belt counting, people counting, and safety 
sensing for automatic doors. Thus, a "trip wire" sensor 
can be used to activate a net for trapping game, to count 
objects on a conveyor belt, count people at a doorway 
entrance, or to prevent an open automatic door from 
closing when people are in the vicinity of the doorway. 
[0003] Common electronic narrow field sensors are 
based on laser, ultrasound, or infrared techniques. La- 
ser or infrared beam-interruption sensors can be fo- 
cused in a narrow field. However, visibility between the 
two ends of the field is required and anything that affects 
this visibility may impair the sensor. Thus, interference 
from sunlight, dirt, or snow prevents the proper opera- 
tion of this sensor. Infrared sensors also have no range 
adjustments. Similarly, optical and ultrasound sensors 
suffer from blockage by dirt, rain, snow, or any other ma- 
terial. Sunlight will also provide harmful interference for 
optical sensors. 

[0004] The transducers in optical, ultrasound, and 
magnetic sensors are also expensive to manufacture 
and thus, make them less attractive for commercial pur- 
poses. Other sensors are also not commercially feasible 
because they drain too much power. 
[0005] FM-CW and Doppler radar sensors, which 
might be applied as trip wires, also suffer limitations: low 
material penetration due to the higher frequencies em- 
ployed, microphonics caused by the use of short radar 
wavelengths combined with audio frequency process- 
ing, frequency crowding, and poor short-range opera- 
tion. 

[0006] Although directional antennas with narrow 
beamwidths may provide an adequately narrow field or 
trip wire, they are too expensive in a compact package. 
Furthermore, at some frequencies, narrow beamwidths 
are almost impossible to produce in a compact antenna 



without increasing its complexity. The low frequency mi- 
crowave band is one example. Thus, at this band, ma- 
terial penetration is available but a compact and practi- 
cally available narrow beamwidth antenna is not. 

s [0007] Another limitation of these sensors is that, for 
image processing applications, certain characteristics 
of the object cannot be obtained. For example, the thick- 
ness or density of an object at any desired region of the 
object cannot be determined. 

10 [0008] An effective and commercially practical sensor 
should be inexpensive to manufacture, drain as little 
power as possible, last a long time, and be durable and 
impervious to harsh environmental conditions such as 
dirt, rain, snow, and sunlight. Furthermore, sensors 

15 should be able to use signals that can penetrate certain 
material without damaging the material. Such material 
penetration allows users to install these sensors behind 
wood, concrete, or other objects for security purposes 
and still permit the sensor to function. The compact size 

20 of sensors is also desirable to reduce cost, reduce com- 
plexity, and provide ease of installation. In other appli- 
cations, motion sensors that are insensitive to move- 
ment of the sensors themselves are particularly valua- 
ble when these sensors are placed on moving objects. 

25 [0009] U.S. Pat. No. 4,010,459 to Pontoppidan dis- 
closes a system for the detection of moving objects with- 
in a survey area by microwave diffraction. However, the 
system disclosed in Pontoppidan also receives multip- 
ath signals. 

30 

SUMMARY OF THE INVENTION 

[001 0] A first object of the present invention is a sen- 
sor as claimed in claim 1 herein. A second object of the 

35 present invention is an electronic trip wire as claimed in 
claim 14 herein. A third object of the present invention 
is a method as claimed in claim 21 herein. 
[0011] The present invention is a cost-effective, low 
power, and long-lasting electronic sensor that is imper- 

40 vious to harsh environmental conditions such as dirt, 
rain, snow, and sunlight. Furthermore, the sensor of the 
present invention uses signals that can penetrate cer- 
tain materials (without damaging the material) to allow 
users to install them behind wood, concrete, or other ob- 

45 jects for security purposes. The sensor can also be 
placed on a moving object without impairing its perform- 
ance. The sensor can be used for electronic trip wire 
and image processing applications. 
[0012] The present invention can be characterized as 

so a narrow field electromagnetic sensor, comprising a 
transmitter, a receiver, a timing circuit, and a signal proc- 
essor. The transmitter transmits a sequence of electro- 
magnetic signals in response to a transmit timing signal. 
The receiver samples the sequence of electromagnetic 

55 signals in response to a receive timing signal and gen- 
erates a sampled signal. The timing circuit supplies the 
transmit timing signal to the transmitter and the receive 
timing signal to the receiver, where the receive timing 
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signal causes the receiver to sample a portion of each 
electromagnetic signal that travels along a direct RF 
path between the transmitter and the receiver. The sig- 
nal processor coupled to the output of the receiver and 
responsive to the sampled signal provides an indication 
of a characteristic, such as presence in the narrow field 
or density, of the object. 

[0013] The sensor can also include a phase modula- 
tor for modulating the receive timing signal into a plural- 
ity of phase states for sampling the sequence of elec- 
tromagnetic signals. The phase modulator includes a 
quadrature-phase modulator providing four phase 
states of about 0 degrees, about 90 degrees, about 1 80 
degrees, and about 270 degrees. Based on the phase 
modulator, the receiver changes phase states sequen- 
tially at a frequency of about 500 Hz. In other embodi- 
ments, the phase states change at a frequency between 
10 Hz and 100 KHz. 

[0014] In some embodiments, the electromagnetic 
signal is an RF pulse providing a wide band signal or a 
short burst of several cycles to provide a narrower band 
signal. The transmitter of the present invention which 
generates the electromagnetic-signal further comprises 
a line receiver, a transmitter pulse forming network, and 
a pulsed transmitter RF switch or oscillator. The line re- 
ceiver shapes the transmit timing signal. The transmitter 
pulse forming network coupled to the output of the line 
receiver and responsive to the amplified transmit timing 
signal generates a transmitter pulse. The pulsed trans- 
mitter RF switch or oscillator coupled to the output of the 
transmitter pulse forming network and responsive to the 
transmitter pulse forms the electromagnetic signal. 
[0015] The receiver of the present invention further 
comprises a receiver pulse forming network, a pulsed 
receiver switch or RF oscillator, and a sampling circuit. 
The receiver pulse forming network coupled to the out- 
put of the timing circuit and responsive to the receive 
timing signal forms a receiver pulse. The pulsed receiver 
switch or RF oscillator coupled to the output of the pulse 
forming network and responsive to the receiver pulse 
forms a receiver gating signal. The sampling circuit cou- 
pled to the output of the pulsed receiver RF oscillator 
and responsive to the receive gating signal and the elec- 
tromagnetic signal forms a sampled signal. 
[0016] The signal processor of the present invention 
comprises a band limited amplifier, a peak detector, and 
a comparator. The amplifier is bandlimited to provide co- 
herent integration of a large number (e.g., 1 0-1 0,000) of 
received and sampled RF pulses. The amplifier coupled 
to the output of the sampling circuit and responsive to 
the sampled signal generates an amplified sampled sig- 
nal. The peak detector coupled to the output of the am- 
plifier and responsive to the amplified sampled signal 
generates a peak detected signal which is an indication 
of a characteristic of the object. The comparator is cou- 
pled to the output of the peak detector and responsive 
to the peak detected signal and a predetermined refer- 
ence signal. The comparator generates an eclipse indi- 



cation when the peak detected signal is less than the 
reference signal. 

[0017] In other embodiments, a noise generator can 
be coupled to the input of the timing circuit for providing 
s random variations to the timing circuit. This reduces in- 
terference among co-located sensors because it is un- 
likely that two sensors will simultaneously transmit and 
sample the pulses. 

[0018] In another embodiment of the present inven- 

10 tion, the sensor can be mounted with a scanner to obtain 
a multidimensional characteristic of the object. The 
scanner comprises a translation stage and a processor 
and storage unit. The translation stage mounts the 
transmitter and the receiver and moves the transmitter 

15 and the receiver with respect to the object. The proces- 
sor and storage unit coupled to the signal processor and 
responsive to the sampled signal stores a coordinate 
position on the object and the magnitude of the sampled 
signal at each coordinate position. 

20 [0019] The present invention can also be character- 
ized as an electronic trip wire. The electronic trip wire 
comprises a transmitter, a receiver, a timing circuit, and 
an eclipse indicating circuit. The transmitter, responsive 
to a transmit timing signal, generates a sequence of RF 

25 pulses or bursts. The receiver responsive to a receive 
timing signal samples a portion of each RF burst and 
generates a sampled receive signal. The timing circuit 
provides the transmit timing signal to the transmitter and 
the receive timing signal to the receiver so that the re- 

30 ceiver samples only a portion of each RF burst that cor- 
responds to a direct RF path of the RF pulse or burst 
between the transmitter and the receiver. The eclipse 
indicating circuit coupled to the output of the receiver 
and responsive to the sampled receive signal provides 

35 an eclipse indication when an object obstructs the path 
of the RF pulse or burst along the direct RF path. Fur- 
thermore, the electronic trip wire includes a pulse repe- 
tition frequency generator coupled to the input of the tim- 
ing circuit for providing a clock signal. In one example, 

40 the frequency of the clock signal is about 2 MHz. 

[0020] The timing circuit of the present invention com- 
prises a phase modulator coupled to the output of the 
pulse repetition frequency generator and responsive to 
the clock signal for generating a receive timing signal 

is that sequentially moves among a plurality of phase 
states to sample the RF pulse or burst traveling along 
the direct RF path. The timing circuit includes a delay 
circuit which compensates for the direct RF path time- 
of-flight distance between the transmitter and the receiv- 

so er so that the receiver samples a portion of the RF burst 
travelling along the direct RF path. The transmitter and 
receiver of the present invention are analogous to those 
of the sensor as described above. 
[0021] The eclipse indicating circuit of the present in- 

55 vention comprises a peak detector and a comparator. 
The peak detector responsive to the sampled receive 
signal provides a peak detected signal. The comparator 
coupled to the output of the peak detector and respon- 
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sive to the peak detected signal and an adjustable ref- 
erence signal provides an eclipse indication when the 
peak detected signal is less than the reference signal. 
[0022] The present invention can be characterized as 
a method of sensing a characteristic of an object, com- s 
prising the steps: providing a common clock signal; de- 
riving a transmit timing signal and a receive timing signal 
from the common clock signal, the receive timing signal 
adjusted so that sampling of the electromagnetic signal 
coincides with the arrival of the electromagnetic signal *o 
corresponding to the direct RF path; transmitting a se- 
quence of electromagnetic signals in response to the 
transmit timing signal; receiving each electromagnetic 
signal in response to the receive timing signal to provide 
a sampled signal; and providing an indication of a char- 15 
acteristic of the object from the magnitude of the sam- 
pled signal. 

[0023] The step of transmitting a sequence of electro- 
magnetic signals further comprises forming a transmit 
pulse in response to the transmit timing signal, and form- 20 
ing an electromagnetic signal in response to the transmit 
pulse. The step of receiving the electromagnetic signal 
further comprises forming a receiver pulse in response 
to the receive timing signal, forming a receive gating sig- 
nal in response to the receiver pulse that samples only 25 
the direct RF path portion of the electromagnetic signal, 
and forming a sampled signal in response to the receive 
gating signal and the electromagnetic signal. 
[0024] Additional steps in other embodiments include 
comparing the magnitude of the sampled signal with the 30 
magnitude of an adjustable reference signal; and pro- 
viding a trip indication when the magnitude of the sam- 
pled signal is less than the magnitude of the adjustable 
reference signal. Other embodiments include noise dith- 
ering the common clocK signal to reduce interference 35 
among co-located sensors. 

[0025] Another embodiment includes the step of 
phase modulating the clock signal to provide a receive 
timing signal so that sampling the electromagnetic sig- 
nal occurs at one of a plurality of phase states, each 40 
phase state measured from the leading edge of the di- 
rect RF path electromagnetic signal. 
[0026] Other aspects and advantages of the present 
invention can be ascertained upon review of the figures, 
the detailed description, and the claims which follow. 45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

FIG. 1 is a simplified block diagram showing an em- 
bodiment of the present invention. 
FIG. 2 is a simplified model of the sensor region and 
the trip region in accordance with the present inven- 
tion. 55 
FIG. 3 is a simplified block diagram showing more 
details of the receiver and the transmitter according 
to the present invention. 



FIG. 4 shows an illustrative plot of the direct path 
and indirect path RF waveform with respect to time. 
FIG. 5 shows an illustrative plot of the RF waveform 
with respect to time and the eclipsed signal when 
an object obstructs the trip region in accordance 
with the present invention. 

FIG. 6 shows an illustrative plot of the timing of the 
receiver gating, or sampling, signal which coincides 
with the eclipsed RF signal in accordance with the 
present invention. 

FIG. 7 shows an illustrative plotof the voltage output 
of the peak detector with respect to distance across 
the trip region as an object passes across the trip 
region in accordance with the present invention. 
FIG. 8 shows an illustrative plot of the voltage output 
of the peak detector when Biphase modulation is 
used. 

FIG. 9 shows an illustrative plot of the voltage output 
of the peak detector when Quadrature-phase mod- 
ulation is used in accordance with the present in- 
vention. 

FIG. 10 is a circuit diagram of the receiver of an em- 
bodiment of the present invention. 
FIG. 11 is a circuit diagram of the transmitter of an 
embodiment of the present invention. 
FIG. 12 is a block diagram of another embodiment 
of the present invention, where computer-aided 
scanning techniques are used to obtain a three-di- 
mensional characteristic of the object. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0028] The embodiments of the present invention 
have a wide variety of applications ranging from image 
processing to electronic trip wires. The sensor of the 
present invention uses time-of-flight techniques to pre- 
cisely determine the range between the transmitter and 
the receiver. With the set range, the sensor can exclude 
all but the direct path propagation wave of the transmit- 
ted electromagnetic signal. With the signal processing 
circuitry employed in the sensor, narrow sensor regions 
can be effectively generated even with omni-directional 
antennas. The sensor is concealable; as a security de- 
vice, the sensor can be installed on either side of a door- 
way or hallway and detect passersby from behind the 
wood door frame or concrete walls. The sensor is 
stealthy; its RF emissions are nearly undetectable. The 
sensor is inexpensive to manufacture; its components 
are inexpensive and its transducer is a short piece of 
wire serving as the antenna. 

[0029] As a safety or industrial sensor, the embodi- 
ments of the present invention can detect the presence 
of a person or a car in an automatic doorway, or detect 
objects on a conveyor belt. The sensor can also be her- 
metically sealed against harsh environments; it is imper- 
vious to blockage by dirt, snow, wood, concrete, and 
rain. The sensor system also incorporates circuitry for 
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an ultra-wideband spread spectrum system that reduc- 
es interference to and from other RF services while al- 
lowing co-location of multiple electronic sensors without 
the need for frequency assignments. 
[0030] For image processing, the embodiments of the 5 
present invention can be adapted for use with ballistic 
photon techniques for imaging characteristics of an ob- 
ject in a medium. When the medium is air, electromag- 
netic radiation travels at the speed of light and the res- 
olution for imaging the object is low. When the medium 10 
has a higher index of refraction, such as water, electro- 
magnetic radiation travels at a slower speed and a high- 
er imaging resolution is possible. The sensor provides 
an indication of a characteristic of the object to an im- 
aging processor for storage and further processing. A 15 
complete scan of the object by the sensor of the present 
invention provides the imaging processor with an equiv- 
alent image and other characteristics of the object. The 
frequency band used in the sensor of the present inven- 
tion is harmless to all tissue, particularly mammalian tis- 20 
sue including human tissue. 

[0031] The embodiments of the present invention uti- 
lize time-of-flight techniques as described in U.S. Patent 
No. 5 510 800 titled "Time-of-Flight Radio Location Sys- 
tem, filed September 6, 1994. A detailed description of 25 
the preferred embodiments of the present invention is 
provided with reference to the figures, in which FIGS. 1 , 
2, and 3 provide illustrations of the basic concept. 
[0032] In FIG. 1, sensor 100 includes a receiver 110, 
a transmitter 120, a cable 112 connecting the receiver so 
110 and the transmitter 120 to each other, a transmitter 
antenna 122, and a receiver antenna 113. The transmit- 
ter 120 and receiver 110 use radio frequency (RF) sig- 
nals to generate a sensor region 151. The transmitter 
antenna 122 and the receiver antenna 113 are each a 35 
short piece of wire that radiates signals omnidirection- 
ally. The distance, d, between the transmitter antenna 
122 and the receiver antenna 113 is user-defined and 
fixed for any given installation; however, the maximum 
distance d is limited only by path losses and other fac- 40 
tors that contribute to RF signal degradation. 
[0033] To couple the transmitter 120 to the receiver 
110, one end of the cable 112 is connected to port 111 
of the receiver 110 and the other end is connected to 
port 121 ofthetransmitter120.Thesensor100receives 45 
power at port 140 of the receiver 110. The receiver 110 
and transmitter 1 20 are placed on or mounted in objects 
160 and 161, respectively. These objects can be the 
floor or any support frame in a wall. 
[0034] In response to a transmit timing signal, the so 
transmitter 1 20 transmits an electromagnetic signal 1 70 
via transmitter antenna 1 22. In accordance with one em- 
bodiment of the present invention, the electromagnetic 
signal 1 70 is a short RF pulse or burst. The receiver 1 1 0 
receives the electromagnetic signal 170 at receiver an- 55 
tenna 113. Because of scattering and interference from 
nearby objects, the receiver 110 receives the electro- 
magnetic signal 170 at receiver antenna 113 from mul- 



tiple paths (direct paths and indirect paths). 
[0035] FIG. 1 shows a sensor region 152. FIG. 2 
shows a more detailed representation of the sensor re- 
gion 152. With reference to FIGS. 1 and 2, the sensor 
region 152 includes a trip region 151. Both regions are 
conceptually cylindrical in shape and lie between the 
transmitter antenna 122 and the receiver antenna 113. 
The sensor region 1 52 has a radius of r SR and occupies 
a volume of ixr SR 2 d. The trip region 151 has a radius of 
r TR and occupies a narrower volume of 7tr TR 2 d. Trip re- 
gion 151 also represents the direct RF path of the elec- 
tromagnetic signal 170 from the transmitter 120 to the 
receiver 110. 

[0036] The cylindrical representation of the sensor re- 
gion 152 in FIG. 2 is a model. No physical cylinder ac- 
tually exists. In fact, depending on the application and 
installation, the region between the transmitter antenna 
122 and the receiver antenna 113 may be partially ob- 
structed by wood, concrete, dirt, or other material. The 
model merely conveys the concept that activation of the 
sensor is possible in a narrow cylindrical region called 
the trip region which is also the transmitter-to-receiver 
direct RF path of the electromagnetic signal. 
[0037] When an object moves across the sensor re- 
gion 152 in a direction transverse to its length, or dis- 
tance d, so that the object impinges the sensor region 
152 first and then the trip region 151, the magnitude of 
the electromagnetic signal received by the receiver 1 1 0 
decreases. When the object obstructs, or eclipses, the 
trip region 151 substantially in its entirety, the eclipse 
indicator 130 (in FIG. 1) of the receiver 110 provides an 
output indicating that the sensor has been activated. 
The eclipse indicator 1 30 provides the signal for further 
control, measurement, or communication by the sensor 
100. 

[0038] The magnitude of the electromagnetic signal 
varies depending on the number of "ballistic photons" 
which passes through it, indicating thickness and den- 
sity of the object being sensed. Thus, when an object 
eclipses the trip region in its entirety, the magnitude of 
the electromagnetic signal will be lower for a high den- 
sity object of a particular thickness than for an object 
with lower density of the same thickness. Based on the 
electromagnetic signal magnitude for each coordinate 
position on the object, a characteristic of the object can 
be determined. For example, the density at each coor- 
dinate position on the object can be derived from the 
electromagnetic signal magnitudes. Sensor output 180 
provides the magnitude of the gated electromagnetic 
signal. For every voltage reading at 180 when the 
eclipse indicator 1 30 is active, a measurement of a char- 
acteristic, such as density or thickness, of an object can 
be obtained at each coordinate position on the object. 
Processor and Storage Unit 181 provides for storage 
and subsequent signal processing of the electromag- 
netic signal magnitude, such as for imaging. 
[0039] When used as an electronic trip wire, the trip 
region can be used to indicate the presence of an object 
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along any portion of the trip region. When the magnitude 
of the electromagnetic signal is sufficiently low (below a 
predetermined threshold), the sensor will provide an 
eclipse indication. The eclipse indication signal can be 
used for further processing, control, or communication. 
[0040] FIG. 3 shows a more detailed block diagram of 
the sensor 200 in accordance with the present invention. 
Power is supplied to the sensor 200 via port 203. In this 
example, a 9 volt source is sufficient. Port 203 is con- 
nected to voltage regulator 204 which regulates a sub- 
stantially constant V DD supply of 5 volts in this example. 
[0041] A pulse repetition frequency (PRF) generator 
214 provides a 2 MHz clock signal, or timing signal, for 
the sensor 200 in this example. The 2 MHz timing signal 
is used by both the transmitter 220 and the receiver 21 0. 
For the transmitter 220, the 2 MHz timing signal is pro- 
vided to a line driver 215. A capacitor 216 is connected 
between the output of the line driver 215 and node 211. 
An inductor 217 is coupled between the power supply 
and the cable 212 at node 211 to supply power to the 
transmitter 220. Both the timing signal and the injected 
power are superimposed and delivered to transmitter 
220 via cable 212. 

[0042] The transmitter 220 receives the superim- 
posed power and timing signal at port 221. The power 
take-off circuitry includes an inductor 222 connected be- 
tween port 221 and node 244. A capacitor 223 is con- 
nected between node 244 and ground (GND). The pow- 
er from this power take-off circuit is delivered to all other 
components of the transmitter 220. A line receiver 225 
receives the timing signal. A capacitor 224 is connected 
between port 221 and line receiver 225. The output of 
the line receiver 225 is provided to a transmitter pulse 
forming network (PFN) 226 that generates a 2 ns pulse 
to a gated or pulsed 2 GHz transmitter RF oscillator 227, 
in this example. The gated 2 GHz transmitter RF oscil- 
lator is connected to a quarter-wave (XI4) wire monopole 
transmitter antenna 229 via port 228. The transmitter 
antenna 229 radiates the electromagnetic signal, a 2 ns 
RF burst, in all directions. 

[0043] The sensor region 201 is represented as a cyl- 
inder and includes a cylindrical trip region 202. The trip 
region 202 is the direct path of the electromagnetic sig- 
nal from the transmitter antenna 229 to the receiver an- 
tenna 243. 

[0044] The timing signal at node 247 generated by the 
PRF generator 214 is also used by the receiver 210. A 
Divide-by-N frequency divider 217 receives the timing 
signal and provides a first phase signal at a reduced fre- 
quency to represent a phase state of 90 degrees at node 
219. The first phase signal at node 219 is also provided 
to a Divide-by-2 frequency divider 218 which generates 
a second phase signal at half the frequency of the first 
phase signal at node 230 to represent a phase state of 
1 80 degrees from the timing signal. A quadrature phase 
modulator 245 receives the timing signal at node 246, 
the first phase signal at node 21 9, and the second phase 
signal at node 230. The output of the quadrature phase 



modulator 245 is a phase signal that hops among four 
phase states of 0 degrees, 90 degrees, 180 degrees, 
and 270 degrees. The phase signal hops from one 
phase state to another at a frequency of 500 Hz. In other 

5 embodiments, the phase signal hops from one phase 
state to another at a frequency between 10 Hz and 100 
KHz. In essence, the phase signal provides additional 
time delays (represented by each of the phase states) 
to a subsequent delay circuit 231 . 

10 [0045] The phase signal is provided to a delay circuit 
231 which is adjusted so that, at any one sampling in- 
terval, the receiver 210 gates, or samples, the electro- 
magnetic signal at a phase state from a point near its 
leading edge. Without the phase signal, the delay circuit 

15 231 controlsthetimeatwhichthereceiver210samples 
the arriving electromagnetic signal from the transmitter 
220. Because the distance between the transmitter 220 
and the receiver 210 is fixed, the delay can be readily 
calculated. Theoretically, the receiver 210 should sam- 

20 pie the arriving direct RF path electromagnetic signal at 
its leading edge. However, due to variations in circuit 
components and other environmental conditions, the re- 
ceiver 21 0 cannot always sample exactly at the leading 
edge. Thus, the delay circuit 231 provides the receiver 

25 21 0 with a sample point near the leading edge of the 
arriving electromagnetic signal. With the phase signal, 
the new sample point is located at a point which is a 
phase state from the original sample point. Although the 
overall sampling occurs at the frequency of the PRF 

30 generator 214, the phase state changes at a slower rate. 
Thus, in one example, sampling occurs at 2 MHz but the 
phase state changes at 500 Hz. 
[0046] The delayed phase signal is then provided to 
a receiver pulse forming network (PFN) 232 which pro- 

35 vides a 2 ns pulse to a 2 GHz pulsed receiver RF oscil- 
lator 233. The output of the pulsed receiver RF oscillator 
233 is provided to a sampling circuit 234. In one embod- 
iment, the sampling circuit is a single diode sample-and- 
hold circuit that acts as a mixer circuit for the RF oscil- 

40 lator and the received electromagnetic signal at port 
242. Adjustments to the delay circuit 231 can be made 
such that the receiver PFN 232 pulses the pulsed re- 
ceiver RF oscillator 233 at the time of arrival of the direct 
path electromagnetic signal at port 242 from the trans- 

45 mitter220. Such pulsing results in the gating or sample- 
and-holding by sampling circuit 234 of a portion of the 
electromagnetic signal located at about the leading 
edge of the electromagnetic signal corresponding to the 
direct RF path and at phase states modulated at 500 Hz. 

50 [0047] At the output of the sampling circuit 234, a 
holding capacitor 235 is coupled between node 247 and 
GND. Because the phase signal at the output of the 
quadrature-phase modulator 245 hops among the four 
phase states at a rate of 500 Hz, the detected electro- 

55 magnetic signal at holding capacitor 235 has spectral 
components at 500 Hz. The detected electromagnetic 
signal is amplified by amplifier 236 to produce an ampli- 
fied electromagnetic signal. Amplifier 236 is bandlimited 
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to provide coherent integration of a large number (e.g., 
10-10,000) of received and sampled RF pulses. Peak 
detector 237 detects the peak of the amplified electro- 
magnetic signal and produces V PD at node 238. 
[0048] V PD provides one input to comparator 239. The 
other input, V REF , is generated by the common voltage 
source V DD connected in series to a variable resistor 
240. The lead for V REF is connected to the variable re- 
sistor 240. The comparator 239 compares V PD to V REF . 
When V PD is less than V REF , a logic level signal is pro- 
vided to eclipse indicator 241 indicating that an eclipse 
has occurred. As discussed above, an eclipse is an ob- 
struction of the trip region 202 by an object along a di- 
rection transverse to the length of the trip region 202. 
Thus, when an object totally eclipses the direct path be- 
tween the transmitter antenna 229 and the receiver an- 
tenna 243, V PD decreases to a level below V REF . 
Alternatively, a voltage reading from sensor output 250, 
which corresponds to V PD , will indicate a characteristic 
of the object, and can be stored for subsequent process- 
ing. When the entire object is scanned, a plurality of V PD 
readings for all coordinate positions of the object will 
provide a measure of density, for example, of various 
points on the object. 

[0049] In another embodiment of the present inven- 
tion, the sensor can be used as an electronic trip wire. 
As described above, when an object totally eclipses the 
direct patn between the transmitter antenna 229 and the 
receiver antenna 243, V PD decreases to a level below 
V REF . When V PD is less than V REF , a logic level signal 
is provided to eclipse indicator 241 indicating that an 
eclipse has occurred. The logic level on eclipse indicator 
241 provides an indication of whether an object has to- 
tally eclipsed the trip region 202. In other embodiments, 
a partial eclipse of the trip region 202 will be sufficient 
to "trip" the sensor. An adjustment of V REF will provide 
various user-selected trip points. 
[0050] In another embodiment of the present inven- 
tion, as shown in FIG. 3, the sensor employs randomly 
or pseudo-randomly dithered PRF operation. Without 
noise dithering, the emission spectrum shows spectral 
lines at harmonics of the pulse repetition frequency. The 
envelope formed by the spectral lines is identical in 
shape to the spectrum produced by a single impulse. If 
either random or code-generated pseudo-random mod- 
ulation, or dither, is added, the emission spectrum can 
be spread to resemble the shape of a single impulse. 
Hence, the peak amplitude is reduced because the en- 
ergy that was concentrated in individual lines is spread 
out. Interference to conventional receivers is reduced 
accordingly, and resembles thermal noise. With noise 
dithering, multiple and independent sensors 200 may be 
co-located without interference with a noise generator 
213 coupled to the PRF generator 214. The noise gen- 
erator 21 3 introduces random variations to the PRF gen- 
erator 214. 

[0051] Thus, in FIG. 3, one embodiment of the present 
invention shows a sensor having a receiver and a trans- 



mitter coupled to the receiver via a cable for timing and 
power signals. The transmitter sends electromagnetic 
signals via a transmitter antenna and the receiver re- 
ceives the transmitted electromagnetic signals. A pulse 

s repetition frequency (PRF) generator generates the tim- 
ing signal that is used by both the receiver and the trans- 
mitter. In the transmitter, the timing signal is used by the 
pulse forming network (PFN)to enable the pulsed trans- 
mitter RF oscillator to deliver an electromagnetic signal 

10 in the form of a short RF pulse or burst to the transmitter 
antenna. The electromagnetic signal is radiated and re- 
ceived by the receiver antenna in the form of a direct 
path electromagnetic signal and a time-delayed indirect 
path electromagnetic signal. 

is [0052] The receiver gates the direct path electromag- 
netic signal with a sampling circuit which is activated by 
a pulsed receiver RF oscillator and a receiver pulse 
forming network (PFN). A delay circuit adjusts for the 
distance between the transmitter antenna and the re- 

20 ceiver antenna so that the receiver PFN does not acti- 
vate the pulsed receiver RF oscillator until the PFN is 
enabled; that is, the receiver gating function coincides 
with the arrival of the transmitted direct RF path electro- 
magnetic signal. A quadrature-phase modulator pro- 

25 vides a phase signal to the delay circuit. The phase sig- 
nal hops among four phase states (0 degrees, 90 de- 
grees, 180 degrees, and 270 degrees) at a rate of 500 
Hz and provides the sampling circuit with sampling 
points on the electromagnetic signal. The quadrature- 

30 phase modulator receives the timing signal from the 
PRF generator. The detected electromagnetic signal is 
then amplified, peak detected, and then compared to a 
voltage reference by a comparator. When an object 
eclipses the trip region of the sensor, the magnitude of 

35 the resulting detected electromagnetic signal is less 
than that of the voltage reference at the input of the com- 
parator, and the output of the comparator provides this 
eclipse indication. 

[0053] In one embodiment, the magnitude of the re- 

40 suiting detected signal varies depending on the number 
of "ballistic photons" passing through the object, indicat- 
ing a characteristic of the object, such as thickness or 
density; thus, lower signal levels indicate higher density 
of the object and higher signal levels indicate lower den- 

45 sity. In another embodiment, the eclipse indicator can 
be used for electronic trip wire applications. When the 
resulting detected signal is below the reference voltage, 
a trip has occurred and indicated at the eclipse indicator. 
With noise dithered operation, multiple and independent 

50 sensors may be co-located without interference. 

[0054] FIGS. 4, 5, and 6 show illustrative plots of the 
magnitude of the received electromagnetic signal with 
respect to time. FIG. 4 shows the electromagnetic signal 
at the receiver antenna when the sensor region is un- 

55 obstructed. The initial RF pulse or burst 301 represents 
the direct path electromagnetic signal. A delayed RF 
burst 302 represents the indirect path electromagnetic 
signal. FIG. 5 shows the result of an object eclipsing the 
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trip region of the sensor. The direct path RF burst 303 
is substantially reduced in magnitude while the delayed 
RF bursts 304 from indirect paths are unaffected in mag- 
nitude. FIG. 6 shows the timing of the RF pulse from the 
pulsed receiver RF oscillator which is adjusted during s 
installation to coincide with the arrival of the direct RF 
path electromagnetic signal. When viewed in conjunc- 
tion with FIG. 5, FiG. 6 shows the receiver gating, or 
sampling, signal coinciding in time with the eclipsed RF 
burst. 10 
[0055] FIG. 7 illustrates the effect of a trip region 
eclipse on the peak detected voltage V PD . The abscissa, 
or horizontal axis, indicates distance as an object moves 
in a direction transverse to the length of the cylindrical 
sensor region 401 from a point outside of the sensor re- 15 
gion 401 , through the sensor region 401 and the trip re- 
gion 402, and finally to a point outside of the sensor re- 
gion 401 . The ordinate, or vertical axis, shows the mag- 
nitude of the peak detected voltage V PD at the input to 
the comparator 239 (see FIG. 3). 20 
[0056] As FIG. 7 shows, when the object is located 
outside the sensor region 401, V PD is at a level above 
a sensor region voltage V SR . As the object moves into 
the sensor region 401, V PD is at a level less than VSR 
but above the trip region voltage V TR (or the voltage ref- 25 
erence V REF ). In the sensor region, scatter from the ob- 
structing object creates interference and hence de- 
creases V PD . When the object moves into the trip region 
402, V PD decreases even further but remains at a level 
above V TR (V REF ). When the object substantially ob- 30 
structs the entire direct path of the electromagnetic sig- 
nal, an eclipse occurs and V PD falls below V REF . When 
such an eclipse occurs, the sensor provides an eclipse 
indication. In conjunction with the eclipse indication, the 
magnitude of V PD indicates a characteristic, such as 35 
density, thickness, or presence, of the object and can 
be used in subsequent image processing steps. For 
electronic trip wire applications, the eclipse indication 
provides that the sensor has been "tripped," or activat- 
ed. V REF can be adjusted so that an eclipse indication 40 
will be provided as soon as the object moves into the 
trip region 402. Thus, depending on the user-adjustable 
value of V REF , an eclipse indication can be provided for 
those situations where the object creates a partial 
eclipse and for those situations where the object creates 45 
a substantially total ecliipse of the direct RF path of the 
electromagnetic signal. 

[0057] FIGS. 8 and 9 illustrate the effects on V PD 
when different phase modulation schemes are used in 
the receiver to detect the electromagnetic signal. FIG. so 
8 shows the V PD sensitivity pattern as the distance be- 
tween the transmitter antenna and the receiver antenna 
is varied and binary phase modulation is used. The re- 
ceiver can alternately sample between 0 degrees and 
180 degrees at a rate of 500 Hz. However, as FIG. 8 55 
shows, nulls at a spacing of A/2 exists. These nulls are 
caused by the beating of the transmitter RF pulse and 
the receiver RF gating pulse in the sampling circuit, 
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which functions as a mixer. To eliminate the nulls, quad- 
rature-phase modulation is used where sampling is ac- 
complished at 0 degrees, 90 degrees, 1 80 degrees, and 
270 degrees at a rate of 500 Hz. FIG. 9 shows the re- 
sulting V PD sensitivity pattern with the nulls eliminated. 
[0058] FIGS. 10and 11 show representative circuit di- 
agrams of the receiver and transmitter, respectively, of 
an embodiment of the present invention. Component 
values and specific manufacturer's IC device part 
names are exemplary only. 

[0059] FIG. 10 shows a detailed circuit diagram of the 
receiver portion of the sensor. In this example, IC1 is a 
National Semiconductor 74AC04 hex inverter, IC2 is a 
Motorola MC14069 hex inverter, and IC3 is a Motorola 
MC14020 binary counter. Inverters 606, 609, 618, 619, 
625, and 627 are found in IC1 . Inverters 661 , 659, 653, 
and 652 are found in IC2. Binary counter 615 is found 
in IC3. 

[0060] Power, in the form of a 9 volt source, is provid- 
ed to the sensor at port 601, with a capacitor 604 con- 
nected in parallel between port 601 and GND. A Seiko 
part no. 81 2-50 voltage regulator 602 is also connected 
in parallel between port 601 and port 603. A capacitor 
605 is connected between port 603 and GND. At port 
603, a V DD of 5 volts is supplied to the receiver 600 and 
the transmitter (as shown in FIG. 11 ). 
[0061] For the pulse repetition frequency (PRF) gen- 
erator, the input to the inverter 606 is connected to node 

666. The output of inverter 606 is connected to node 

667. A resistor 607 is connected between node 666 and 
node 667. A capacitor 608 is connected between node 
666 and node 668 at the output of inverter 609. The input 
of inverter 609 is connected to node 667. In this exam- 
ple, a 2MHz timing signal is generated. 

[0062] The timing signal at node 668 is provided to a 
line driver comprising two inverters 618, 619 in parallel. 
The timing signal 668 is provided to the commonly tied 
input to inverters 618 and 619. The outputs of these in- 
verters 618, 619 are also commonly tied at node 672. 
Coupling capacitor 620 is connected between node 672 
and node 673. Additional power from V DD is supplied to 
the line at node 673. Inductor 621 is connected between 
the power source and node 673. Resistor 622 is con- 
nected between node 673 and port 623, where the su- 
perimposed power and timing signals are delivered to 
the transmitter via a cable 674. 

[0063] The timing signal at node 667 is provided to 
the clock input 616 of binary counter 615. The binary 
counter 615 also receives its V DD input at port 669, its 
GND at port 670, and a constantly grounded reset signal 
at port 61 7. The grounded reset signal allows the coun- 
ter 615 to count continuously in response to the nega- 
tive-going edge of the timing signal. The outputs of the 
binary counter 61 5 are at port 610 forQ11 and port 611 
forQ12. Resistor 61 2 is connected between Q11 output 
port 610 and node 671. Resistor 61 3 is connected be- 
tween Q12 output port 611 and node 671. Resistor 614 
is connected between node 668 and node 671. A ca- 
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pacitor is connected between node 671 and GND. 
These outputs of the binary counter 615 provide addi- 
tional time delays to control the timing of the sampling 
function of the receiver. 

[0064] A delay circuit is provided to compensate for 
variations in the distance between the transmitter an- 
tenna and the receiver antenna. The input to the inverter 
625 is connected to node 671 . The output of inverter 
625 is connected to variable resistor 626, which is used 
to adjust delay times for enabling the pulse forming net- 
work (PFN). A capacitor 628 is connected between node 
675 and GND. The input to inverter 627 is connected to 
node 675. The output of inverter 627 is connected to a 
pulse forming network (PFN), which activates the 
pulsed RF oscillator. 

[0065] The input to the pulse forming network (PFN) 
relies on the delay circuit. Capacitor 629 is connected 
between the output of inverter 627 and node 676. A re- 
sistor 630 is connected between the node 676 and GND. 
Resistor 631 and inductor 632 are connected in series 
between node 676 and node 677. Capacitor 633 is con- 
nected between node 677 and GND. In this example, 
the resulting pulse has a duration of 2 ns. The resulting 
pulse is then applied to a pulsed RF oscillator. 
[0066] In this example, the npn bipolar junction tran- 
sistor 635 is a commercially available part no. NE856. 
The emitter of transistor 635 is connected to node 677. 
The base of transistor 635 is connected to inductor 634, 
which is connected to GND. The collector of transistor 
635 is connected to inductor 679, which is connected at 
the other end to node 678. A capacitor 637 is connected 
between node 678 and GND. A resistor 636 is connect- 
ed between node 678 and the V DD supply. The collector 
of transistor 635 is also connected to capacitor 638. The 
opposite plate of capacitor 638 is connected to node 
639. Node 639 provides a junction for the pulsed RF 
burst for the receiver gate and the electromagnetic sig- 
nal from the transmitter. In this example, the frequency 
of the pulsed RF oscillator is 2 GHz. Receiver antenna 
640 is connected to node 639. 

[0067] Electromagnetic signal 641 arrives at the re- 
ceiver antenna 640 from all directions. The RF burst cor- 
responding to the direct path arrives first. However, the 
delay circuit controls the timing of the RF pulse gener- 
ation in the RF oscillator so that the RF pulse for gating 
the electromagnetic signal coincides with the direct path 
electromagnetic signal. 

[0068] For the sampling circuit, this example uses a 
diode 643 which is a commercially available part no. 
HSMS2810. The receive antenna 640 is typically 
formed of a wire 1.5 inches in length. The cathode of 
diode 643 is connected to node 639 and the anode of 
diode 643 is connected to node 679. Resistor 644 is con- 
nected between the V DD supply and node 679. Resistor 
642 is connected between GND and node 639. Holding 
capacitor 645, which holds the sampled electromagnet- 
ic signals, is connected between node 679 and GND. 
[0069] For the amplifier circuit located between the 
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peak detector and the sampling circuit, this example us- 
es, as one of its components, a npn bipolar junction tran- 
sistor 648 which is a commercially available part no 
2N3904. The amplifier is bandlimited to provide coher- 

5 ent integration of a large number (e.g., 10-10,000) of 
received and sampled RF pulses. Coupling capacitor 
646 is connected between node 679 and the base of 
transistor 648. Resistor 647 is connected between the 
base of transistor 648 and the collector of transistor 648. 

10 A resistor is also connected between the collector of 
transistor 648 and V DD supply. The emitter of transistor 
648 is connected to GND. Coupling capacitor 649 is 
connected between the collector of transistor 648 and 
the input to inverter 651. Resistor 650 is connected be- 

15 tween the input to inverter 651 and the output of inverter 
651. 

[0070] For the peak detector, resistor 652 is connect- 
ed between the output of inverter 651 and the input to 
inverter 653. Resistor 654 is connected between the in- 

20 put to inverter 653 and node 680. Capacitor 656 is con- 
nected between node 680 and GND. The output of in- 
verter 653 is connected to the anode of diode 655. The 
cathode of diode 655 is connected to node 680. V PD ap- 
pears at node 680. Thus, for image processing applica- 

25 tions, the magnitude of V PD at node 680 indicates the 
density or thickness of the object in the trip region. In 
the preferred embodiment, a total eclipse of the trip re- 
gion is required before the corresponding V PD magni- 
tude is stored and further processed for imaging. In this 

30 example, diode 655 is a commercially available part no. 
IN4148. 

[0071] For the comparator, resistor 657 is connected 
between node 680 and node 681 . For the adjustable ref- 
erence voltage V REF , V DD supply is provided to resistor 

35 6 62 and variable resistor 663. The other end of variable 
resistor 663 is connected to GND. Resistor 658 is con- 
nected between node 681 and a tap on variable resistor 
663. By adjusting variable resistor 663, different "trip" 
points, or V REF , are available. Thus, in electronic trip 

40 wire applications, a total eclipse of the trip region is not 
necessary to "trip" or activate the sensor. However, in 
other embodiments of the electronic trip wire, a substan- 
tially total eclipse is necessary to activate the sensor. 
[0072] Inverter 659 is connected between node 681 

45 and node 682. A high logic level at node 682 appears 
at eclipse indicator 664 when the trip region is eclipsed 
by an object. Node 682 is also connected to the input of 
inverter 661. The output at node 665 of inverter 661 is 
the complementary output of the logic level at eclipse 

so indicator 664 and node 682. A resistor 660 is connected 
between node 681 and node 665. 
[0073] FIG. 11 shows a detailed circuit diagram of the 
transmitter portion of an embodiment of the present in- 
vention. The transmitter includes a power takeoff circuit, 

55 a line receiver, a pulse forming network, and a pulsed 
RF oscillator. In this example, IC4 (inverter 708) is a Na- 
tional Semiconductor 74AC04 hex inverter. 
[0074] The superimposed power and timing signals 
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from the receiver portion of the sensor are delivered to 
port 701 of the transmitter via cable 721 . The power 
component of the superimposed signal is delivered to 
the power take-off circuit in which the inductor 702 is 
connected between node 722 and node 723. The clock 5 
component of the superimposed signal is delivered to a 
line receiver in which the coupling capacitor is connect- 
ed between node 722 and node 724. Resistor 706 is 
connected between node 724 and GND. Resistor 704 
is connected between node 724 and node 723. For di- 10 
ode 705, which is a commercially available part no. 
IN4148, the cathode is coupled to node 723 and the an- 
ode to node 724. For diode 707, which is also a com- 
mercially available part no. IN4148, the cathode is cou- 
pled to node 724 and the anode to GND. The input to 15 
inverter 708 is tied to node 724. Power from the power 
take-off circuit is provided to inverter 708 at port 725. A 
capacitor 709 is also placed between node 723 and 
GND. A resistor 710 is placed between node 723 and 
node 729. In addition, capacitor 716 is placed between 20 
node 729 and GND. 

[0075] For the pulse forming network (PFN), a capac- 
itor 71 1 is placed between the output of inverter 708 and 
node 726. A resistor 712 is connected between node 
726 and GND. Resistor713 and inductor714 are placed 25 
in series between node 726 and node 727. A capacitor 
is placed between node 727 and GND. In this example, 
a 2 ns pulse is provided to the 2 GHz pulsed RF oscil- 

[0076] In response to the 2 ns pulse, the 2 GHz pulsed 30 
RF oscillator provides a 2 ns RF burst. A commercially 
available npn bipolar junction transistor 718 used in this 
example is part no. NE856. For the transistor 718, the 
emitter is coupled to node 727, the collector is coupled 
to node 728, and the base is coupled to inductor 717 35 
which is connected to GND. Additional power from the 
power take-off circuit is provided by inductor 715, which 
is placed between node 729 and node 728. The elec- 
tromagnetic signal, in the form of a 2 ns RF burst, is then 
delivered to transmitter antenna 720 comprised of a 1 .5 40 
inch wire. 

[0077] Although the preferred mode utilizes a receiver 
which provides an eclipse indication when a total eclipse 
occurs in the trip region, other embodiments incorporate 
partial eclipses of the trip region by adjusting the level 45 
of the reference voltage V REF at the comparator stage 
of the receiver. Thus, the particular application of the 
present invention dictates the "trip" point of the sensor. 
[0078] In another embodiment of the present inven- 
tion, as shown in FIG. 12, scanning an object can be so 
accomplished. The sensor includes a receiver 801 , ca- 
ble 802, transmitter 803, signal processor and storage 
804, receiver antenna 810, and transmitter antenna 
809. The sensor can be placed on a translation stage 
807, 808 in a manner like those used in computer-aided 55 
translation, or computer-aided tomography, (CAT) scan- 
ning. Although FIG. 12 shows the translation stages 
807, 808 as being two separate units, they can actually 



be represented by a single stage. The key is for the 
transmitter and the receiver to move in unison on the 
translation stages. Eclipse indicator 805 and detected 
sample signal 806 are provided to the signal processor 
and storage unit 804. 

[0079] An object 812 in a medium 811 is placed on a 
platform 813. To obtain an characteristic of an object 
812, the translation stages 807, 808 are moved along 
the xz plane. This provides density information of every 
desired x, z coordinate position through the y-axis; that 
is, for any given coordinate position x, y, z, the density 
of the object at that coordinate position as seen along 
the y-axis can be determined. 

[0080] The sensor region formed as the direct RF path 
between the transmitter antenna 809 and the receiver 
antenna 810 is placed at an initial coordinate position. 
The translation stages 807, 808 are moved in a desired 
step incrementally along one axis (either x or z). The 
magnitude of the detected sample signal and the coor- 
dinate position are processed and stored in the proces- 
sor and storage unit 804. The translation stage is then 
moved to the next coordinate position, where the 
processing and storage steps are accomplished again 
for the new coordinate position. The entire process of 
moving the translation stage, processing the magnitude 
of the detected sample signal, and storing the coordi- 
nate position and magnitude of the detected sample sig- 
nal is executed until data for every desired coordinate 
position is recorded. For a three-dimensional represen- 
tation of the object 812, the above steps for each plane 
are executed for every incremental angle 6 about the z- 
axis until data is recorded for all coordinate positions x, 
y, z for ail planes spanning from 9 = 0 degrees to 8 = 
180 degrees. 

[0081] The foregoing description of a preferred em- 
bodiment of the invention has been presented for pur- 
poses of illustration and description . It is not intended to 
be exhaustive or to limit the invention to the precise 
forms disclosed. Obviously, many modifications and 
variations will be apparent to practitioners skilled in this 
art. It is intended that the scope of the invention be de- 
fined by the following claims and their equivalents. 



Claims 

1 . A direct radio frequency path electromagnetic sen- 
sor, comprising: 

a transmitter (120, 220, 803) which transmits a 
sequence of electromagnetic signals in re- 
sponse to a transmit timing signal; 
a receiver (110, 210, 801) which samples the 
sequence of electromagnetic signals in re- 
sponse to a receive timing signal, and gener- 
ates a sampled signal; 

a timing circuit (231 , 232, 233, 234) which sup- 
plies the transmit timing signal to the transmit- 
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ter and the receive timing signal to the receiver, 
the receive timing signal gating the receiver to 
sample a portion of each electromagnetic sig- 
nal that travels along a direct radio frequency 
path between the transmitter and the receiver 
and to reject multipath signals; and 
a signal processor (236, 237, 239) coupled to 
the output of the receiver and responsive to the 
sampled signal to provide an indication of a 
characteristic of an object to be sensed. 

2. The direct radio frequency path electromagnetic 
sensor of claim 1 , wherein the characteristic is den- 
sity. 

3. The direct radio frequency path electromagnetic 
sensor of claim 1 , wherein the characteristic is thick- 
ness. 

4. The direct radio frequency path electromagnetic 
sensor of claim 1 , wherein the characteristic is pres- 
ence of the object in the direct radio frequency path 
of the electromagnetic signal. 

5. The direct radio frequency path electromagnetic 
sensor of claim 1, further comprising: 

a phase modulator (245) for modulating the re- 
ceive timing signal into a plurality of phase 
states for sampling the sequence of electro- 
magnetic signals. 

6. The direct radio frequency path electromagnetic 
sensor of claim 5, wherein the phase modulator 
comprises a quadrature-phase modulator providing 
four phase states of about 0 degrees, about 90 de- 
grees, about 180 degrees, and about 270 degrees. 

7. The direct radio frequency path electromagnetic 
sensor of claim 5, wherein the receiver samples the 
electromagnetic signal at each of the phase states 
sequentially, the phase states changing at a fre- 
quency of about 500 Hz. 

8. The direct radio frequency path electromagnetic 
sensor of claim 1 , wherein the electromagnetic sig- 
nal is a radio frequency burst. 

9. The direct radio frequency path electromagnetic 
sensor of claim 8, wherein the transmitter further 
comprises: 

a line receiver (225) for amplifying the transmit 
timing signal; 

a transmitter pulse forming network (226) cou- 
pled to the output of the line receiver and re- 
sponsive to the amplified transmit timing signal 
to generate a transmitter pulse; and 



a pulsed transmitter radio frequency oscillator 
(227) coupled to the output of the transmitter 
pulse forming network and responsive to the 
transmitter pulse for forming an electromagnet- 
5 ic signal. 

10. The direct radio frequency path electromagnetic 
sensor of claim 9, wherein the receiver further com- 
prises: 

a receiver pulse forming network (232) coupled 
to the output of the timing circuit and responsive 
to the receive timing signal for forming a receiv- 
er pulse; 

15 a pulsed receiver radio frequence oscillator 

(233) coupled to the output of the receiver pulse 
forming network and responsive to the receiver 
pulse for forming a receiver gating signal; and 
a sampling circuit (234) coupled to the output 

20 of the pulsed receiver radio frequency oscillator 

and responsive to the receive gating signal and 
the electromagnetic signal for forming a sam- 
pled signal. 

25 11. The direct radio frequency path electromagnetic 
sensor of claim 10, wherein the signal processor 
comprises: 

an amplifier (236) coupled to the output of the 
30 sampling circuit and responsive to the sampled 

signal for generating an amplified sampled sig- 
nal; 

a peak detector (237) coupled to the output of 
the amplifier and responsive to the amplified 
35 sampled signal for generating a peak detected 

signal which is an indication of a characteristic 
of the object; and 

a comparator (239) coupled to the output of the 
peak detector and responsive to the peak de- 
40 tected signal and a predetermined reference 

signal, the comparator generating an eclipse in- 
dication when the peak detected signal is less 
than the reference signal. 

45 12. The direct radio frequency path electromagnetic 
sensor of claim 1 , further comprising a noise gen- 
erator (21 3) coupled to the input of the timing circuit 
for providing random variations to the timing circuit 
and reducing interference with other co-located 

so sensors. 

13. The direct radio frequency path electromagnetic 
sensor of claim 1, further comprising: 

55 a translation stage (807, 808) for mounting the 

transmitter and the receiver and moving the 
transmitter and the receiver with respect to the 
object; and 
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a processor and storage unit (804) coupled to 
the signal processor and responsive to the 
sampled signal for storing a coordinate position 
on the object and the magnitude of the sampled 
signal at each coordinate position. 

14. An electronic trip wire, comprising: 

a transmitter (120, 220, 803) responsive to a 
transmit timing signal for generating a se- 
quence of radio frequency bursts; 
a receiver (110, 210, 801) responsive to a re- 
ceive timing signal for sampling a portion of 
each radio frequency burst, and for generating 
a sampled receive signal; 
a timing circuit (231, 232, 233, 234) for provid- 
ing the transmit timing signal to the transmitter 
and the receive timing signal to the receiver so 
that the receiver is gated to sample a portion of 
each radio frequency burst that corresponds to 
a direct radio frequency path of the radio fre- 
quency burst between the transmitter and the 
receiver and to reject multipath signals; and 
an eclipse indicating circuit (241 ) coupled to the 
output of the receiver and responsive to the 
sampled receive signal for providing an eclipse 
indication when an object obstructs the path of 
the radio frequency burst along the direct radio 
frequency path. 

15. The electronic trip wire of claim 14, further compris- 
ing a pulse repetition frequency generator (214) 
coupled to the input of the timing circuitfor providing 
a clock signal of a predetermined nominal frequen- 
cy. 

16. The electronic trip wire of claim 1 5, wherein the tim- 
ing circuit comprises: 

a phase modulator (245) coupled to the output 
of the pulse repetition frequency generator and 
responsive to the clock signal for generating a 
receive timing signal that sequentially moves 
among a plurality of phase states which the re- 
ceiver uses to sample the radio frequency burst 
traveling along the direct radio frequency path, 
each phase state measured from a leading 
edge of the radio frequency burst. 

17. The electronic trip wire of claim 1 5, wherein the tim- 
ing circuit comprises a delay circuit (231) which 
compensates for the direct radio frequency path 
time-of-flight distance between the transmitter and 
the receiver so that the receiver samples a portion 
of the radio frequency burst travelling along the di- 
rect radio frequency path. 

18. The electronic trip wire of claim 15, wherein the 



transmitter further comprises: 

a transmitter pulse generator (226) responsive 
to the transmit timing signal for providing a 
transmitter pulse of a predetermined duration; 

a transmitter radio frequency oscillator (227) 
coupled to the output of the transmitter pulse 
generator and responsive to the transmitter 
pulse for providing a radio frequency burst. 

19. The electronic trip wire of claim 15, wherein the re- 
ceiver further comprises: 

a receiver pulse generator (232) responsive to 
the receive timing signal for providing a receiv- 



3r radio frequency oscillator (233) cou- 
pled to the output of the receiver pulse gener- 
ator and responsive to the receiver pulse for 
providing a receiver gate signal; and 
a sampling circuit (234) coupled to the output 
of the receiver radio frequency oscillator and 
responsive to the receiver gate signal and the 
radio frequency burst, wherein the receiver 
gate signal coincides in time with the radio fre- 
quency burst to provide a sampled receive sig- 



30 20. The electronic trip wire of claim 15, wherein the 
eclipse indicating circuit comprises: 

a peak detector (237) responsive to the sam- 
pled receive signal for providing a peak detect- 

35 ed signal; and 

a comparator (239) coupled to the output of the 
peak detector and responsive to the peak de- 
tected signal and an adjustable reference sig- 
nal for providing an eclipse indication when the 

40 peak detected signal is less than the reference 



21. A method of sensing a characteristic of an object, 
comprising: 

providing a common clock signal at a nominal 
frequency; 

deriving a transmit timing signal and a receive 
timing signal from the common clock signal, the 
receive timing signal adjusted so that sampling 
of a transmitted electromagnetic signal coin- 
cides with the arrival of the electromagnetic sig- 
nal corresponding to a direct radio frequency 
path between a transmitter and a receiver; 
transmitting a sequence of electromagnetic sig- 
nals in response to the transmit timing signal; 
receiving each electromagnetic signal in re- 
sponse to the receive timing signal to provide 
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a sampled signal, where direct path signals are 
gated and multipath signals are rejected; and 
providing an indication of a characteristic of the 
object from the magnitude of the sampled sig- 



22. The method of sensing the characteristic of an ob- 
ject of claim 21 , further comprising: 

comparing the magnitude of the sampled signal 10 
with the magnitude of a reference signal; and 
providing a trip indication when the magnitude 
of the sampled signal is less than the magni- 
tude of the adjustable reference signal. 

15 

23. The method of sensing a characteristic of an object 
of claim 21 , further comprising: 

noise dithering the common clock signal to re- 
duce interference among co-located sensors. 20 

24. The method of sensing a characteristic of an object 
of claim 21 , further comprising: 

phase modulating the clock signal to provide a 25 
receive timing signal so that sampling the elec- 
tromagnetic signal occurs at one of a plurality 
of phase states. 

25. The method of sensing a characteristic of an object so 
of claim 23, wherein the step of transmitting a se- 
quence of electromagnetic signals further compris- 



forming a transmit pulse in response to the 35 
transmit timing signal; and 
forming an electromagnetic signal in response 
to the transmit pulse. 

26. The method sensing a characteristic of an object of 40 
claim 25, wherein the step of receiving the electro- 
magnetic signal further comprises: 

forming a receiver pulse in response to the re- 
ceive timing signal; 45 
forming a receive gating signal in response to 
the receiver pulse that samples the direct radio 
frequency path portion of the electromagnetic 
signal; and 

forming a sampled signal in response to the re- 50 
ceive gating signal and the electromagnetic sig- 



einen Sender (120, 220, 803), der eine Folge 
elektromagnetischer Signale als Reaktion auf 
ein Sendetaktsignal ubermittelt; 
einen Empfanger(110, 210, 801),derdie Folge 
der elektromagnetischen Signale als Reaktion 
auf ein Empfangstaktsignal abtastet und ein 
abgetastetes Signal erzeugt; 
eine Taktschaltung (231 , 232, 233, 234), die 
das Sendetaktsignal dem Sender und das 
Empfangstaktsignal dem Empfanger zufuhrt, 
wobei das Empfangstaktsignal den Empfanger 
torsteuert, so dass ein Abschnitt jedes elektro- 
magnetischen Signals abgetastet wird, das 
entlang eines direkten Hochfrequenzpfadszwi- 
schen dem Sender und dem Empfanger ver- 
lauft und urn Mehrwegsignale abzuweisen; und 
einen Signalprozessor (235, 237, 239), der mit 
dem Ausgang des Empfangers gekoppelt ist 
und auf das abgetastete Signal anspricht, so 
dass er ein Wesensmerkmal eines zu erfassen- 
den Objekts anzeigt. 

Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 1, wobei es sich 
bei dem Wesensmerkmal urn Dichte handelt. 

Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 1, wobei es sich 
bei dem Wesensmerkmal urn Dicke handelt. 

Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 1 , wobei es sich 
bei dem Wesensmerkmal urn das Vorhandensein 
eines Objekts in dem direkten Hochfrequenzpfad 
des elektromagnetischen Signals handelt. 

Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 1, wobei dieser 
ferner folgendes umfasst: 

einen Phasenmodulator (245) zum Modulieren 
des Empfangstaktsignals in eine Mehrzahl von 
PhasenzustSnden zum Abtasten der Folge der 
elektromagnetischen Signale. 

Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 5, wobei der 
Phasenmodulator einen Quadratur-Phasenmodu- 
lator umfasst, der vier Zustande von etwa 0 Grad, 
etwa 90 Grad, etwa 180 Grad und etwa 270 Grad 
vorsieht. 



Patentanspriiche 



Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad, wobei dieser folgendes um- 



Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 5, wobei der 
Empfanger die elektromagnetischen Signale in je- 
dem der Phasenzustande sequentiell abtastet, wo- 
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bei sich die Phasenzustande mit einer Frequenz 
von etwa 500 Hz andern. 

8. Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 1 , wobei es sich 
bei dem elektromagnetischen Signal um ein Hoch- 
frequenzbundel handelt. 

9. Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 8, wobei der 
Sender ferner folgendes umfasst: 

einen Leitungsempfanger (225) zum Verstar- 
kern des Sendetaktsignals; 
ein Sendeimpulsformnetzwerk (226), das mit 
dem Ausgang des Leitungsempfangers gekop- 
pelt ist und auf das verstarkte Sendetaktsignal 
derart anspricht, dass es einen Sendeimpuls 
erzeugt; und 

einen Impulssender-Hochfrequenzoszillator 
(227), der mit dem Ausgang des Sendeimpuls- 
formnetzwerks gekoppelt ist und auf den 
Sendeimpuls derart anspricht, dass er ein elek- 
tromagnetisches Signal erzeugt. 

10. Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 9, wobei der 
Empfanger ferner folgendes umfasst: 

ein Empfangerimpulsformnetzwerk (232), das 
mit dem Ausgang der Taktschaltung gekoppelt 
ist und dass es auf das Empfangstaktsignal 
derart anspricht, dass es einen Empfangsim- 
puls formt; 

einen Impulsempfanger-Hochfrequenzoszilla- 
tor (233), der mit dem Ausgang des Empfan- 
gerimpulsformnetzwerks gekoppelt ist und auf 
den Empfangsimpuls derart anspricht, dass er 
ein Empfanger-Torsteuerungssignal formt; und 
eine Abtastschaltung (234), die mit dem Aus- 
gang des Impulsempfanger-Hochfrequenzos- 
zillators verbunden ist und auf das Empfangs- 
Torsteuersignal derart anspricht, dass sie ein 
abgetastetes Signal erzeugt. 

11. Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 10, wobei der Si- 
gnaiprozessor folgendes umfasst: 

einen Verstarker (236), der mit dem Ausgang 
der Abtastschaltung gekoppelt ist und auf das 
abgetastete Signal derart anspricht, dass er ein 
verstarktes abgetastetes Signal erzeugt; 
einen Spitzendetektor (237), der mit dem Aus- 
gang des Verstarkers gekoppelt ist und auf das 
verstarkte abgetastete Signal derart anspricht, 
dass er ein Spitzenerfassungssignal erzeugt, 
das ein Wesensmerkmal des Objekts anzeigt; 



und 

einen Komparator (239), der mit dem Ausgang 
des Spitzendetektors gekoppelt ist und auf das 
Spitzenerfassungssignal und ein vorbestimm- 
5 tes Bezugssignal derart anspricht, dass der 

Komparator eine Eklipsenanzeige erzeugt, 
wenn das Spitzenerfassungssignal kleiner ist 
als das Bezugssignal. 

10 12. Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 1, wobei dieser 
ferner einen Rauschgenerator (213) umfasst, der 
mit dem Eingang der Taktschaltung gekoppelt ist, 
um fur die Taktschaltung Zufallsschwankungen vor- 

15 zusehenund Interferenzenmitanderenvorgesehe- 
nen Sensoren verringert. 

13. Direkter elektromagnetischer Sensor fur einen 
Hochfrequenzpfad nach Anspruch 1, wobei dieser 

20 ferner folgendes umfasst: 

eine Translationsstufe (807, 808) zum Halten 
des Senders und des Empfangers sowie zum 
Bewegen des Senders und des Empfangers im 

25 Verhaltnis zu dem Objekt; und 

eine Prozessor- und Speichereinheit (804), die 
mit dem Signalprozessor gekoppelt ist und auf 
das abgetastete Signal derart anspricht, dass 
eine Koordinatenposition an dem Objekt und 

30 das Ausmaft des abgetasteten Signals an jeder 

Koordinatenposition gespeichert wird. 

14. Elektronischer Auslosedraht, der folgendes um- 
fasst: 

35 

einen Sender (120, 220, 803), der als Reaktion 
auf ein Sendetaktsignal eine Sequenz von 
Hochfrequenzbundeln erzeugt; 
einen Empfanger (110, 210, 801), der auf ein 
40 Empfangstaktsignal derart anspricht, dass ein 

Abschnitt jedes Hochfrequenzbundels abgeta- 
stet wird und ein abgetastetes Empfangssignal 
erzeugt; 

eine Taktschaltung (231 , 232, 233, 234) zum 
45 Vorsehen des Sendetaktsignals an den Sender 

und des Empfangstaktsignals an den Empfan- 
ger, so dass der Empfanger torgesteuert wird, 
um einen Abschnitt jedes Hochfrequenzbun- 
dels abzutasten, der einem direkten Hochfre- 
50 quenzpfad des Hochfrequenzbundels zwi- 

schen dem Sender und dem Empfanger ent- 
spricht, und um Mehrwegsignale abzuweisen; 
und 

eine Eklipsenanzeigeschaltung (241), die mit 
55 dem Ausgang des Empfangers gekoppelt ist 

und auf das abgetastete Empfangssignal der- 
art anspricht, dass eine Eklipsenanzeige vor- 
gesehen wird, wenn ein Objekt den Pfad des 
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Hochfrequenzbundels entlang dem direkten 
Hochfrequenzpfad verdeckt. 

15. Elektronischer Auslosedraht nach Anspruch 14, 
wobei dieser ferner einen Pulsfolgefrequenzgene- 
rator (214) umfasst, der mit dem Eingang der Takt- 
schaltung gekoppelt ist, um ein Taktsignal mit einer 
vorbestimmten Sollfrequenz vorzusehen. 

16. Elektronischer Auslosedraht nach Anspruch 15, 
wobei die Taktschaltung folgendes umfasst: 

einen Phasenmodulator (245), der mit dem 
Ausgang des Pulsfolgefrequenzgenerators ge- 
koppelt ist und auf das Taktsignal derart an- 
spricht, dass er ein Empfangstaktsignal er- 
zeugt, das sich sequentiell entlang einer Mehr- 
zahl von Phasenzustanden bewegt, die der 
Empfanger zum Abtasten des entlang des di- 
rekten Hochfrequenzpfads verlaufenden Hoch- 
frequenzbundels verwendet, wobei jeder Pha- 
senzustand von einer ansteigenden Flankedes 
Hochfrequenzbundels gemessen wird. 

17. Elektronischer Auslosedraht nach Anspruch 15, 
wobei die Taktschaltung eine Verzogerungsschal- 
tung (231 ) umfasst, welche die Flugzeitstrecke zwi- 
schen dem Sender und dem Empfanger kompen- 
siert, so dass der Empfanger einen Abschnitt des 
Hochfrequenzbundels abtastet, das entlang des di- 
rekten Hochfrequenzpfads verlauft. 

18. Elektronischer Auslosedraht nach Anspruch 15, 
wobei der Sender ferner folgendes umfasst: 

einen Sendeimpulsgenerator (226), der auf das 
Sendetaktsignal anspricht, um einen Sendeim- 
puls mit einer vorbestimmten Dauer vorzuse- 
hen; und 

einen Senderhochfrequenzoszillator (227), der 
mit dem Ausgang des Sendeimpulsgenerators 
gekoppelt ist und auf den Sendeimpuls derart 
anspricht, dass er ein Hochfrequenzbundel 
vorsieht. 

19. Elektronischer Auslosedraht nach Anspruch 15, 
wobei der Empfanger ferner folgendes umfasst: 

einen Empfangerimpulsgenerator (232), der 
auf das Empfangstaktsignal anspricht, um ei- 
nen Empfangerimpuls vorzusehen; 
einen Empfangerhochfrequenzoszillator (233), 
der mit dem Ausgang des Empfangerimpulsge- 
nerators gekoppelt ist und auf den Empfanger- 
impuls anspricht, um ein Empfangertorsteue- 
rungssignal vorzusehen; und 
eine Abtastschaltung (234), die mit dem Aus- 
gang des Empfangerhochfrequenzoszillators 



gekoppelt ist und auf das EmpfSngertorsteue- 
rungssignal und das Hochfrequenzbundel an- 
spricht, wobei das Empfangertorsteuerungssi- 
gnal zeitlich mit dem Hochfrequenzbundel zu- 
sammenfallt, so dass ein abgetastetes Emp- 
fangssignal vorgesehen wird. 

20. Elektronischer Auslosedraht nach Anspruch 15, 
wobei die Eklipsenanzeigeschaltung folgendes um- 



einen Spitzendetektor (237), der auf das abge- 
tastete Empfangssignal anspricht, um ein Spit- 
zenerfassungssignal vorzusehen; und 
einen Komparator (239), der mit dem Ausgang 
des Spitzendetektors gekoppelt ist und auf das 
Spitzenerfassungssignal und ein einstellbares 
Bezugssignal derart anspricht, dass eine Eklip- 
senanzeige vorgesehen wird, wenn das Spit- 
zenerfassungssignal kleiner ist als das Be- 
zugssignal. 

21. Verfahren zum Erfassen eines Wesensmerkmais 
eines Objekts, wobei das Verfahren die folgenden 
Schritte umfasst: 

Vorsehen eines gemeinsamen Taktsignals auf 
einer Sollfrequenz; 

Ableiten eines Sendetaktsignals und eines 
Empfangstaktsignals von dem gemeinsamen 
Taktsignal, wobei das Empfangstaktsignal so 
angepasst wird, dass das Abtasten eines uber- 
mittelten elektromagnetischen Signals mit der 
Ankunft des elektromagnetischen Signals zu- 
sammenfallt, das einem direkten Hochfre- 
quenzpfad zwischen einem Sender und einem 
Empfanger entspricht; 

Senden einer Sequenz elektromagnetischer 
Signale als Reaktion auf das Sendetaktsignal; 
Empfangen jedes elektromagnetischen Si- 
gnals als Reaktion auf das Empfangstaktsi- 
gnal, so dass ein abgetastetes Signal vorgese- 
hen wird, wobei die direkten Pfadsignale torge- 
steuert werden und Mehrwegsignale abgewie- 
sen werden; und 

Vorsehen einer Anzeige eines Wesensmerk- 
mais des Objekts aus dem Ausmafi des abge- 
tasteten Signals. 

22. Verfahren zum Erfassen eines Wesensmerkmais 
eines Objekts nach Anspruch 21 , wobei das Verfah- 
ren ferner die folgenden Schritte umfasst: 



Vergleichen des AusmaHes d 
Signals mit dem Ausmafi eines Bezugssignals; 



Vorsehen einer Ausloseanzeige, wenn das 
AusmaS des abgetasteten Signals kleiner ist 
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als das AusmaG. des einstellbaren Bezugssi- 
gnals. 

23. Verfahren zum Erfassen eines Wesensmerkmals 
eines Objekts nach Anspruch 21 , wobei das Verfah- 
ren ferner folgendes umfasst: 

Rausch-Dithering des gemeinsamen Taktsi- 
gnals, um Interferenzen unter gemeinsam vor- 
gesehenen Sensoren zu verringern. 

24. Verfahren zum Erfassen eines Wesensmerkmals 
eines Objekts nach Anspruch 21 , wobei das Verfah- 
ren ferner folgendes umfasst: 

Phasenmodulieren des Taktsignals, um ein 
Empfangstaktsignal vorzusehen, so dass das 
Abtasten des elektromagnetischen Signals bei 
einem einer Mehrzahl von Phasenzustanden 
erfolgt. 

25. Verfahren zum Erfassen eines Wesensmerkmals 
eines Objekts nach Anspruch 23, wobei der Schritt 
des Sendens einer Folge von elektromagnetischen 
Signalen ferner folgendes umfasst: 

Formen eines Sendeimpulses als Reaktion auf 
das Sendetaktsignal; und 
Formen eines elektromagnetischen Signals als 
Folge auf den Sendeimpuls. 

26. Verfahren zum Erfassen eines Wesensmerkmals 
eines Objekts nach Anspruch 25, wobei der Schritt 
des Empfangens des elektromagnetischen Signals 
ferner folgendes umfasst: 

Formen eines Empfangerimpulses als Reakti- 
on auf das Empfangstaktsignal; 
Formen eines Empfangs-Torsteuersignals als 
Reaktion auf den Empfangsimpuls, das den di- 
rekten Hochfrequenzpfadabschnitt des elektro- 
magnetischen Signals abtastet; und 
Formen eines abgetasteten Signals als Reak- 
tion auf das Empfangs-Torsteuersignal und das 
elektromagnetische Signal. 



Revendications 

1. Capteur electromagnetique a trajet haute frequen- 
ce direct, comprenant : 

un emetteur (120, 220, 803) qui emet une se- 
quence de signaux electromagnetiques en re- 
ponse a un signal de fixation dans le temps 
pour emettre ; 

un recepteur (110, 210, 801) qui echantillonne 
la sequence de signaux electromagnetiques en 



reponse a un signal de fixation dans le temps 
pour recevoir, et produit un signal 
echantillonne ; 

un circuit de fixation dans le temps (231, 232, 
s 233, 234) qui fournit le signal de fixation dans 

le temps pour emettre a I'emetteur et le signal 
de fixation dans le temps pour recevoir au re- 
cepteur, le signal de fixation dans le temps pour 
recevoir ouvrant le recepteur de facon a echan- 
10 tillonner une partie de chaque signal electroma- 

gnetique qui se propage le long d'un trajet hau- 
te frequence direct entre I'emetteur et le recep- 
teur et a rejeter des signaux a propagations 
multiples ; et 

15 un circuit de traitement de signal (236, 237, 

239) relie a la sortie du recepteur et repondant 
au signal echantillonne en fournissant une in- 
dication d'une caracteristique d'un objet a de- 
tecter. 

20 

2. Capteur electromagnetique a trajet haute frequen- 
ce direct de la revendication 1, dans lequel la ca- 
racteristique est une densite. 

25 3. Capteur electromagnetique a trajet haute frequen- 
ce direct de la revendication 1 , dans lequel la ca- 
racteristique est une epaisseur. 

4. Capteur electromagnetique a trajet haute frequen- 
30 ce direct de la revendication 1, dans lequel la ca- 
racteristique est la presence de I'objet dans le trajet 
haute frequence direct du signal electromagnetique 
dans le trajet haute frequence direct du signal elec- 
tromagnetique. 

35 

5. Capteur electromagnetique a trajet haute frequen- 
ce direct de la revendication 1, comprenant en 
outre : 

40 un modulateur de phase (245) servant a modu- 

ler le signal de fixation dans le temps pour re- 
cevoir en plusieurs etats de phase pour echan- 
tillonner la sequence de signaux electromagne- 
tiques. 

45 

6. Capteur electromagnetique a trajet haute frequen- 
ce direct de la revendication 5, dans lequel le mo- 
dulateur de phase comprend un modulateurde pha- 
se en quadrature fournissant quatre etats de phase 

50 d'environ 0 degre, environ 90 degres, environ 180 
degres et environ 270 degres. 

7. Capteur electromagnetique a trajet haute frequen- 
ce direct-de la revendication 5, dans lequel le re- 

55 cepteur echantillonne le signal electromagnetique 
pour chacun des etats de phase d'une maniere se- 
quentielle, les etats de phase changeant a une fre- 
quence d'environ 500 Hz. 
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8. Capteur electromagnetique a trajet haute frequen- 
ce direct de la revendication 1 , dans lequel le signal 
electromagnetique est une rafale haute frequence. 

9. Capteur electromagnetique a trajet haute frequen- 
ce direct de la revendication 8, dans lequel I'emet- 
teur comprend en outre : 

un recepteur de ligne (225) servant a amplifier 
le signal de fixation dans le temps pour 
emettre ; 

un reseau de formation d'impulsions d'emet- 
teur (226) relie a la sortie du recepteur de ligne 
et repondant au signal de fixation dans le temps 
pour emettre amplifie en produisant une impul- 
sion d'emetteur ; et 

un oscillateur haute frequence d'emetteur pul- 
se (227) relie a la sortie du reseau de formation 
d'impulsions d'emetteur et repondant a I'impul- 
sion d'emetteur en formant un signal electro- 
magnetique. 

10. Capteur electromagnetique a trajet haute frequen- 
ce direct de la revendication 9, dans lequel le re- 
cepteur comprend en outre : 

un reseau de formation d'impulsions de recep- 
teur (232) relie a la sortie du circuit de fixation 
dans le temps et repondant au signal de fixation 
dans le temps pour recevoir en formant une im- 
pulsion de recepteur ; 

un oscillateur haute frequence de recepteur 
pulse (Z33) relie a la sortie du reseau de for- 
mation d'impulsions de recepteur et repondant 
a I'impulsion de recepteur en formant un signal 
d'ouverture de recepteur ; et 
un circuit d'echantillonnage (234) relie a la sor- 
tie de I'oscillateur haute frequence de recepteur 
pulse et repondant au signal d'ouverture de re- 
cepteur et au signal electromagnetique en for- 
mant un signal echantillonne. 

11. Capteur electromagnetique a trajet haute frequen- 
ce direct de la revendication 10, dans lequel le cir- 
cuit de traitement de signal comprend : 

un amplificateur (236) relie a la sortie du circuit 
d'echantillonnage et repondant au signal 
echantillonne en produisant un signal echan- 
tillonne amplifie ; 

un detecteur de pic (237) relie a la sortie de 
I'amplificateur et repondant au signal echan- 
tillonne amplifie en produisant un signal detec- 
te de pic qui est une indication d'une caracte- 
ristique de I'objet ; et 

un comparateur (239) relie a la sortie du detec- 
teur de pic et repondant au signal detecte de 
pic et a un signal de reference prefixe, le com- 



parateur produisant une indication d'eclipse 
lorsque le signal detecte de pic est inferieur au 
signal de reference. 

s 12. Capteur electromagnetique a trajet haute frequen- 
ce direct de la revendication 11, comprenant en 
outre un generateur de bruit (213) relie a I'entree du 
circuit de fixation dans le temps pour fournir des va- 
riations aleatoires au circuit de fixation dans le 

10 temps et reduire une interference avec d'autres 
capteurs de meme localisation. 

13. Capteur electromagnetique a trajet haute frequen- 
ce direct de la revendication 1, comprenant en 

15 outre : 

un etage de translation (807, 808) servant a 
monter I'emetteur et le recepteur et a deplacer 
I'emetteur et le recepteur par rapport a I'objet ; 

20 et 

une unite de traitement et de memoire (804) re- 
liee au circuit de traitement de signal et repon- 
dant au signal echantillonne en rangeant en 
memoire une position de coordonnees sur I'ob- 

25 jet et ('amplitude du signal echantillonne a cha- 

que position de coordonnees. 

14. Fil de declenchement electronique comprenant : 

30 un emetteur (120, 220, 803) repondant a un si- 

gnal de fixation dans le temps pour emettre en 
produisant une sequence de rafales haute 
frequence ; 

un recepteur (110, 210, 801) repondant a unsi- 
35 gnal de fixation dans le temps pour recevoir en 

echantillonnant une partie de chaque rafale 
haute frequence et en produisant un signal 
pour recevoir echantillonne ; 
un circuit de fixation dans le temps (231, 232, 
40 233, 234) servant a fournir le signal de fixation 

dans le temps pour emettre a I'emetteur et le 
signal de fixation dans le temps pour recevoir 
au recepteur de sorte que le recepteur est 
ouvert pour echantillonner une partie de cha- 
45 que rafale haute frequence qui correspond a un 

trajet haute frequence direct de la rafale haute 
frequence entre I'emetteur et le recepteur et 
pour rejeter les signaux a propagations 
multiples ; et 

so un circuit dedication d'eclipse (241) relie a la 

sortie du recepteur et repondant au signal pour 
recevoir echantillonne en fournissant une indi- 
cation d'eclipse lorsqu'un objet obstrue le trajet 
de la rafale haute frequence le long du trajet 

55 haute frequence direct. 

15. Fil de declenchement electronique de la revendica- 
tion 14, comprenant en outre un generateur de fre- 
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quence a repetition d'impulsions (214) relie a I'en- 
tree du circuit de fixation dans le temps pour fournir 
un signal d'horloge d'une frequence nominale pre- 
fixee. 

16. Fil de declenchement electronique de la revendica- 
tion 15, dans lequel le circuit de fixation dans le 
temps comprend : 

un modulateurde phase (245) le relie a la sortie 
du generateur de frequence a repetition d'im- 
pulsions et repondant au signal d'horloge en 
produisant un signal de fixation dans le temps 
pour recevoir qui se deplace d'une maniere se- 
quentielle parmi plusieurs etats de phase que 
le recepteur utilise pour echantillonner la rafale 
haute frequence se propageant le long du trajet 
haute frequence direct, chaque etat de phase 
etant mesure a partir d'un flanc avant de la ra- 
fale haute frequence. 

17. Fil de declenchement electronique de la revendica- 
tion 15, dans lequel le circuit de fixation dans le 
temps comprend un circuit de retard (231 ) qui com- 
pense la distance de propagation de trajet haute 
frequence direct entre I'emetteur et le recepteur de 
sorte que le recepteur echantillonne une partie de 
la rafale haute frequence se propageant le long du 
trajet haute frequence direct. 

18. Fil de declenchement electronique de la revendica- 
tion 15, dans lequel I'emetteur comprend en outre : 

un generateur d'impulsions d'emetteur (226) 
repondants au signal de fixation dans le temps 
pour emettre en fournissant une impulsion 
d'emetteur d'une duree prefixee ; et 
un oscillateur haute frequence d'emetteur 
(227) relie a la sortie du generateur d'impul- 
sions d'emetteur et repondant a I'impulsion 
d'emetteur en fournissant une rafale haute fre- 
quence. 

19. Fil de declenchement electronique de la revendica- 
tion 15, dans lequel le recepteur comprend en 
outre : 

un generateur d'impulsions de recepteur (232) 
repondant au signal de fixation dans le temps 
pour recevoir en fournissant une impulsion de 
recepteur ; 

un oscillateur haute frequence de recepteur 
(233) relie a la sortie du generateur d'impul- 
sions de recepteur et repondant a I'impulsion 
de recepteur en fournissant un signal d'ouver- 
ture de recepteur ; et 

un circuit d'echantillonnage (234) relie a la sor- 
tie de I'oscillateur haute frequence de recepteur 



et repondant au signal d'ouverture de recepteur 
et a la rafale haute frequence, le signal d'ouver- 
ture de recepteur coincidant dans le temps 
avec la rafale haute frequence pour fournir un 
signal pour recevoir echantillonne. 



20. Fil de declenchement electronique de la revendica- 
tion 15, dans lequel Le circuit d'indication d'eclipse 
comprend : 

un detecteur de pic (237) repondant au signal 
pour recevoir echantillonne en fournissant un 
signal detecte de pic ; et 
un comparateur (239) relie a la sortie du detec- 
teur de pic et repondant au signal detecte de 
pic et a un signal de reference reglable en four- 
nissant une indication d'eclipse lorsque le si- 
gnal detecte de pic est inferieur au signal de 
reference. 

21 . Procede de detection d'une caracteristique d'un ob- 
jet, consistant : 



a fournir un signal d'horloge commun a une fre- 
quence nominale ; 

a deduire un signal de fixation dans le temps 
pour emettre et un signal de fixation dans le 
temps pour recevoir a partir du signal d'horloge 
commun, le signal de fixation dans le temps 
pour recevoir etant ajuste de facon qu'un 
echantillonnaged'un signal electromagnetique 
emis coincide avec I'arrivee du signal electro- 
magnetique correspondant a un trajet haute 
frequence direct entre un emetteur et 
recepteur ; 

a emettre une sequence de signaux electroma- 
gnetiques en reponse au signal de fixation dans 
le temps pour emettre ; 
a recevoir chaque signal electromagnetique en 
reponse au signal de fixation dans le temps 
pour recevoir de facon a fournir un signal 
echantillonne, les signaux de trajet direct fai- 
sant I'objet de I'ouverture et des signaux a pro- 
pagations multiples etant rejetes ; et 
a fournir une indication d'une caracteristique de 
I'objet a partir de I'amplitude du signal echan- 
tillonne. 

22. Procede de detection de la caracteristique d'un ob- 
jet de la revendication 21, consistant en outre : 

a comparer I'amplitude du signal echantillonne 
a I'amplitude d'un signal de reference ; et 
a fournir une indication de declenchement lors- 
que I'amplitude du signal echantillonne est in- 
ferieure a I'amplitude du signal de reference re- 
glable. 



18 



EP 0 829 020 B1 



23. Proceed de detection de la caracteristique d'un ob- 
jet de la revendication 21, consistant en outre : 

a produire un tremblement de bruit sur le signal 
d'horloge commun afin de reduire une interfe- 
rence parmi des capteurs de meme localisa- 



24. Precede de detection de la caracteristique d'un ob- 

jet de la revendication 21 , consistant en outre : 10 

a moduler en phase le signal d'horloge de ma- 
niere qu'un echantillonnage du signal electro- 
magnetique ait lieu pour I'un parmi plusieurs 
etats de phase. 15 

25. Precede de detection de la caracteristique d'un ob- 
jet de la revendication 23, selon lequel I'operation 
d'emission d'une sequence de signaux electroma- 
gnetiques consiste en outre : 20 

a former une impulsion pour emettre en respon- 
se au signal de fixation dans le temps pour 
emettre ; et 

a former un signal electromagnetique en repon- 25 
se a I'impulsion pour emettre. 

26. Precede de detection de la caracteristique d'un ob- 
jet de la revendication 25, selon lequel I'operation 

de reception du signal electromagnetique consiste 30 
en outre : 

a former une impulsion de recepteur en respon- 
se au signal de fixation dans le temps pour 
recevoir ; 35 
a former un signal d'ouverture pour recevoir en 
reponse a I'impulsion de recepteur qui echan- 
tillonne la partie a trajet haute frequence direct 
du signal electromagnetique ; et 
a former un signal echantillonne en reponse au to 
signal d'ouverture pour recevoir et au signal 
electromagnetique. 
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